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ELECTRIC MOTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a U.S. National Phase Applica 
tion of International Application PCT/EP2012/066665 filed 
Aug. 28, 2012 and claims the benefit of priority under 35 
U.S.C. S 119 of European Patent Application 11 179 208.1 
filed Aug. 29, 2011, the entire contents of which are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

0002. The invention relates to an electric motor with a 
motor housing and with a further housing, which comprises 
electric and/or electronic components and in which at least 
one component producing heat on operation of the motor is 
arranged. 

BACKGROUND OF THE INVENTION 

0003. Such electric motors are counted as belonging to the 
state of the art and serve for the most varied of drive purposes, 
for example of centrifugal pumps, compressors, stirring 
devices and likewise. Thereby, a control apparatus or likewise 
for the electric motor is arranged mostly directly on the motor 
housing or separately therefrom, and this control apparatus 
comprises a control apparatus housing or another further 
housing, in which at least one component producing heat on 
operation of the motor, for example a power resistor, a tran 
sistor, thyristor, triac or likewise, is arranged. With modern 
electric motors, the control apparatus often not only contains 
a winding commutation, but a frequency converter which 
renders it possible to activate the motor with practically infi 
nite frequencies and thus rotation speeds. Such frequency 
converters contain power electronics which produce heat 
which is to be led away. 
0004 From DE 36 42 724C2, it is counted as belonging to 
the state of the art to cool the further housing, and there, in 
particular the frequency converter housing, by way of the 
cooling airflow which is produced by a fan wheel seated on 
the motor shaft outside on the motor and which is led along 
the motorby way of a fan cowl. For this, the power electronics 
components producing heat are arranged in the region of this 
further housing, which is close to the ground. 
0005. Furthermore, it is counted as belonging to the state 
of the art to design the further housing on its outer side in a 
ribbed manner and to cool it by way of convection. 
0006 If is insufficient for the cooling, a separatefan can be 
provided outside on the housing and this fan leads the airflow 
into the housing in a targeted manner and thus cools it. An 
airflow can also be led through the housing. The arrangement 
of a separate, typically electromotorically driven cooling 
blower however has the disadvantage that it worsens the 
efficiency of the assembly and moreover that it represents an 
additional fault source and can prematurely fail. 
0007 Moreover, with pump assemblies, it is counted as 
belonging to the state of the art, to cool the power electronics 
of the frequency converter with liquid, but this perse is not so 
practical with electric motors. 

SUMMARY OF THE INVENTION 

0008 Against this background, it is the object of the inven 
tion to design an electric motor of the known type, such that 
an effective cooling of the heat-producing components in the 
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further housing is achieved with means which are simple with 
regard to design, wherein this cooling practically does not 
compromise the efficiency of the motor and functions in a 
reliable manner. 
0009. According to the invention, an electric motor is pro 
vided with a motor housing and with a further housing which 
comprises electric and/or electronic components. At least one 
component producing heat on operation of the motor is 
arranged in the further housing. At last one fluid-leading 
channel circuit is provided, which conductively connects the 
inside of the motor housing to the interior of the further 
housing. 
0010. The electric motor according to the invention and 
comprising a motor housing and a further housing which 
comprises electric and/or electronic components and in 
which at least one component producing heat on operation of 
the motor is arranged. According to the invention the motor is 
designed Such that at least one fluid-leading channel circuit 
(channel circulation) is provided, which conductively con 
nects the inside of the motor housing to the interior of the 
further housing. 
0011. The basic concept of the solution according to the 
invention is thus to provide a fluid-leading channel circuit 
between the motor housing and the further housing, so that a 
fluid suitable for cooling can be led in a cooling circuit which 
encompasses the inside of the motorhousing and the inside of 
the further housing. 
0012. It is possible with the solution according to the 
invention, to reduce thermal peaks on the motor side as well 
as in particular on the housing side, specifically in the further 
housing, in which a fluid is led through this housing in the 
circuit. Thus, one can Succeed in a roughly equal temperature 
level prevailing in both housings, which is to say in the motor 
housing and in the further housing. In particular, with a Suit 
able design and/or control of the motor, this motor can serve 
as a heat sink for the heat which is typically produced by a 
frequency converter in a frequency converter housing as a 
further housing. 
0013 The further housing however advantageously 
receives a control apparatus, in particular however, a fre 
quency converter. A control apparatus can for example serve 
for winding commutation or for a simplified speed control. 
Usually, heat-producing components such as electronic 
Switches, power resistors or likewise are regularly con 
structed there, and these are advantageously cooled by way of 
the arrangement according to the invention. 
0014. The present invention can be particularly advanta 
geously applied if a permanent magnet motor is applied as an 
electric motor. The efficiency of Such motors has been sig 
nificantly increased in recent years by way of the develop 
ment of the permanent magnets, by which means the waste 
heat produced in the motor could also be significantly 
reduced. The invention is thus particularly advantageously 
applicable with the use of these motors, since the heat pro 
duced by the frequency converter at least additionally can also 
be led away via the motor itself or the motor housing. The 
application of a permanent magnet motor according to the 
invention is not limited to the use with a frequency trans 
former or frequency converter. 
0015. It is particularly simple with regard to design, if the 
fluid led in the channel circuit between the motor housing and 
the furtherhousing is a gas, in particular air, since no particu 
lar provisions then need to be made with regard to design. In 
particular no problems then occur in the case of leakage of the 
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coolant circuit. However, according to the invention, a liquid, 
typically an insulating liquid Such as silicone oil for example 
can be used as a fluid, which has the advantage of an increased 
thermal conductivity and thermal capacity. Such coolants are 
particularly applied with electronic motors which are used 
underwater, for example with submersible pumps. 
0016. Different technical means can be applied, in order to 
produce the fluid flow in the channel circuit. Thus a convec 
tion flow can be achieved by way of a suitable arrangement 
and design of the circuit channel and this convention flow can 
be supported, as the case may be, by way of the application of 
one or more heat pipes. However, it is particularity advanta 
geous if the fluid flow in the channel circuit is produced by 
way of the rotor of the motor itself which is present in any 
case. The rotor can be designed accordingly for this, for 
example by way of profiling its peripheral Surface. 
0017. As a rule, with regard to design, it is simpler to 
provide an impeller on the shaft of the motor, for producing a 
fluid flow in the channel circuit. Such an impeller is formed by 
a fan wheel if gas, in particular air is applied as a fluid, 
whereas a pump impeller is used with the use of a cooling 
liquid. It is to be understood that, as the case may be, Suitable 
guide Vanes are provided on the stator side and/or motor 
housing side. 
0018. The impeller thereby is seated within the motor 
housing, in order to produce the fluid flow in the channel 
circuit, which is to say in the circuit formed by the motor 
housing and further housing. 
0019 Advantageously, additionally to the internal cooling 
circuit which is produced preferably by way of an impeller 
arranged within the motor housing, an impeller for producing 
an airflow along the outer side the motor housing and/or the 
further housing can also be provided on the motor shaft, as 
this is basically known from the previously mentioned state of 
the art according to DE 36 42 724 C2. The motor housing and, 
as the case may be, the furtherhousing, can be subjected to a 
cooling airflow by way of this. 
0020. If the further housing is arranged on the motor hous 
ing or in the direct vicinity of this, it is then useful to design 
the leading of the fluid in the channel circuit such that the fluid 
flow in the motor housing and in the further housing is 
directed in a direction parallel to the motor housing or at an 
angle of maximally 25° thereto. The axial flow through the 
motor space as well as the furtherhousing which mostly also 
mainly extends in this direction ensures a good heat distribu 
tion on account of the longer paths in the respective housings, 
in which the fluid is in contact with the components which 
produce or lead away heat and which are located therein. 
0021. The motor housing and the further housing are typi 
cally, but not necessarily also mechanically connected to one 
another. Such a mechanical connection can simultaneously 
also be designed as a thermally-conducive connection, which 
is advantageous. 
0022. It is particularly favorable with regard to design and 
thermal technology, if the motor housing and the further 
housing comprises at least one common housing wall. On the 
one hand, a very space-saving constructional size results by 
way of this, and on the other hand, in particular, if at least the 
common housing wall consists of a good heat-conductive 
material, in particular metal, also a heat exchange in the 
region of this housing wall. 
0023. According to a further development of the inven 

tion, one envisages grooves or channels for conveying fluid 
being provided in the rotor and/or stator of the motor, in order 
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to realize an intensive heat exchange within the motor and a 
good through-flow ability. Such an arrangement is particu 
larly advantageous with a leading of fluid in the channel 
circuit, with which the flow within the motor housing is 
directed essentially parallel to the motor axis, thus an axial 
through-flow takes place. 
0024 Advantageously, according to the invention, an 
essentially radial leading of the fluid is envisaged additionally 
to the axial leading of the fluid. For this, the motor housing 
comprises a conduit entry of a conduit coming from the 
further housing, as well as a conduit exit leading into the 
further housing, which run radially and are distanced in the 
axial direction of the motor and preferably lie in the same 
axial plane. 
0025. Alternatively, according to a further development of 
the invention, one can envisage an essentially radial/tangen 
tial flow through the motor housing. A guidance (vane) device 
which surrounds the impeller for producing a fluid flow in the 
channel circuit and which comprises an essentially radially 
running conduit exit into the further housing and an essen 
tially radially arranged conduit entry common form the fur 
ther housing, is then provided in the motor housing. Such a 
radial/tangential channel circuit leading has the advantage 
that it is largely independent of the rotor length, which is 
particularly advantageous for motors of different power sizes, 
which with the same motor housing dimensions differ only in 
the axial length of the rotor. Then the leading of the fluid can 
be produced by way of an impeller and a guidance device 
likewise Surrounding this, independently of the rotor length, 
without it concerning the length of the stator, since the respec 
tive conduit exits lie in the region of the guidance device and 
not in the remaining region of the rotor/stator. With Such an 
arrangement, it is advantageous if the conduit entry and con 
duit exit lie in the same radial plane, since then the guidance 
device can be designed as an intact, Vane channel Surrounding 
the impeller. 
0026. A conduit connection is advantageously formed by 
a recess in the housing wall, into which a conduit piece 
coming from the further housing accordingly engages or 
however which is covered by a recess in the wall of the further 
housing, said recess being flush with this. Inasmuch as both 
housings (motor housing and further housing) have a com 
mon wall. Such a recess acts in order to create a conduit 
connection between the housings. 
0027. The design according to the invention can advanta 
geously be applied with dry-runners, but may howeveralso be 
applied with wet-runners without furtherado, thus in particu 
lar with canned motors, as are common for the drive of cen 
trifugal pumps. 
0028. The invention is hereinafter explained in more detail 
by way of embodiment examples represented in the drawing. 
The various features of novelty which characterize the inven 
tion are pointed out with particularity in the claims annexed to 
and forming a part of this disclosure. For a better understand 
ing of the invention, its operating advantages and specific 
objects attained by its uses, reference is made to the accom 
panying drawings and descriptive matter in which preferred 
embodiments of the invention are illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0029. In the drawings: 
0030 FIG. 1 is a greatly simplified schematic longitudinal 
sectional representation showing an electric motor with a 
frequency converter arranged thereon; 
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0031 FIG. 2 is a longitudinal sectional view showing an 
electric motor with an integrated frequency converter; 
0032 FIG.3 is an electric motor according to FIG. 2, with 
an alternative rotor; 
0033 FIG. 4 is a perspective representation showing a fan 
wheel of the motor according to FIG. 2; 
0034 FIG.5 is a partly exploded representation showing a 
further design of an electric motor without a frequency con 
Verter housing: 
0035 FIG. 6 is an enlarged perspective view of the drive 
side end-side of the motor according to FIG. 5; 
0036 FIG. 7 is an end-view of the motor according to FIG. 
5, in the axis direction of the motor shaft; and 
0037 FIG. 8 is a perspective representation of the vane 
guidance device of the electric motor represented FIG. 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0038 Referring to the drawings in particular, the basic 
construction of an electric motor according to the invention is 
to be deduced from the schematic sectioned representation 
according to FIG. 1. The electric motor comprises a motor 
housing 1, in which a stator 2 is arranged, in which a rotor 3 
is rotatably mounted. The rotor 3 is rotatably mounted in the 
motor housing 1 by way of a rotor shaft. For this, bearings 5 
are provided in the end-sides of the motor housing 1. 
0039. On the peripheral side, a further housing 6, here the 
housing of a frequency converter is provided on the motor 
housing 1 which is essentially round in cross section. This 
frequency converter housing 6 is arranged distanced to the 
motor housing 1 and accommodates the frequency converter 
electronics which contains the power electronics producing 
the heat and which is characterized in FIG. 1 at 7. 
0040. The frequency converter housing 6 on its side which 
faces the motor housing 1 comprises two conduit connections 
8 and 9 which are formed by recesses in the housing base and 
which are conductively connected by way of pipe sections 10 
to correspondingly flush recesses 11 and 12 arranged in the 
motor housing 1 and likewise forming conduit connections. 
Two channel connections which are distanced in the direction 
of the axis 13 of the motor and which connect the inside, thus 
the interior of the frequency converter housing 6 to the inte 
rior of the motor housing 1, are formed by the conduit con 
nections 8,9, the pipe sections 10 and the conduit connections 
11, 12. By way of this, a channel circuit is formed, so that the 
air located in the motor housing 1 or in the frequency con 
Verter housing 6 can circulate, as is illustrated by way of 
arrows 14 in FIG. 1. 
0041. The air is thus led in the circuit, and the pressure 
difference necessary for this is produced by an inner fan 
wheel 15 which is seated on the motor shaft 4 and on opera 
tion of the motor co-rotates with the motor shaft 4, and in this 
manner produces an airflow which goes through the recess 12 
via the pipe section 8 and the recess 8 into the frequency 
converter housing 6. The airflow 14 flows along the power 
electronics 7 in a direction parallel to the motor axis 13 
through the frequency converter housing 6, in order at the 
other end to go through a recess forming the conduit connec 
tion 9, into the pipe section 10 and via the recess 11 again into 
the motor housing 1. 
0042. A likewise essentially axial throughflow is effected 
within the motor housing 1. The gap between the rotor 3 and 
the stator 2 which is represented in FIG. 1 is for a multitude of 
channels which, for example, can beformed by the grooves or 
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slots which are typically present in the stator or also separate 
recesses. The airflow 14 then finally reaches the fan wheel 15 
again where the circulation begins fresh. 
0043. The heat produced in the power electronics 7 of the 
frequency converter can be at least partly led away via the 
airflow 14 and given off to the motor, in particular to the motor 
housing which is cooled in a convective manner. In the 
embodiment variant represented in FIG. 1, an external fan 
wheel 16 which is likewise seated on the motor shaft 4 and is 
covered by a fan cowl not shown in FIG. 1 is provided addi 
tionally to the fan wheel 15 located within the motor housing 
1. This external fan wheel 16 produces an airflow which flows 
along the periphery of the motor housing 1 and in this manner 
cools the motor housing 1 from the outside. As FIG. 1 illus 
trates, this airflow not only cools the motorhousing 1, but also 
the lower side of the frequency converter housing 6. 
0044) With the embodiment variant represented by way of 
FIG. 2, the frequency converter housing 6' is not arranged 
distanced to the motor housing 1', but is an integral constitu 
ent of this, which is to say that the base of the frequency 
converter housing 6' is formed by a wall 17 which at the same 
time is a wall of the motorhousing F. The connection between 
the motorhousing1' and the frequency converterhousing 6' is 
formed by two recesses in this wall 17. With this design, the 
motor merely comprises one internal fan wheel 15" which is 
designed as an axial/radial fan wheel. It comprises a shroud or 
cover plate 18 to the motor. The closed base body 19 extends 
radially from the shaft 4 to close to the inner periphery of the 
motor housing 1. Essentially, radially arranged blades 20 are 
provided between the shroud 18 and the base body 19. This 
inner fan wheel 15" is designed as one piece and as a plastic 
injection moulded part. It delivers the cooling air flowing 
through the stator 2 and motor 3 radially outwards into the 
frequency converter housing 6, in which the cooling airflow 
14 flows parallel to the rotor axis 13 along the power elec 
tronics to the other end, in order to go through the base-side 
recess back into the motor housing F. 
0045. As can be deduced from a comparison of the axial 
extension of the rotor 3 and the stator 2 of FIGS. 2 and 3, the 
embodiment variant described by way of FIGS. 2 to 4 is 
provided for receiving different stator/rotor combinations, in 
order thus with only one motor housing 1' and only one 
frequency converterhousing 6' to be able to cover a multitude 
of power stages, without having to change the motor design, 
disregarding the stator and rotor. The internal fan wheel 15 is 
not represented in FIG.3 for the purpose of a better overview. 
0046) With the embodiment represented by way of FIGS. 
5 to 8, the frequency converter housing is not shown for 
reasons of an improved overview, but only the motor whose 
construction corresponds basically to that previously 
described, wherein however an inner fan wheel 15" is pro 
vided which comprises a base body 19" directed to the motor 
and stator, and blades 20" extending radially from this, but no 
shroud. This internal fan wheel 15" cooperates with a guid 
ance device 21 which surrounds the fan wheel 15" and on its 
peripheral side and at its free end-side in the region of the 
blades 20". 

0047. The guidance device 21 comprises two recesses 22 
and 23 in its radial peripheral wall, which form the conduit 
connections to the frequency converter housing which is not 
represented. Thereby, the recess 22 as is evident from FIG. 8, 
is not only arranged radially, but also extends in the end-side 
of the guidance device 21 which is away from the stator 2, 
whereas the recess 23 is arranged in an exclusively radial 
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manner. The guide device 21 thus encloses the fan wheel 15" 
radially in a complete manner and at its open end-side in an 
annular manner, so that a circulation flow 14 sets in on opera 
tion, as is represented by way of FIGS. 6 and 7. 
0048. The air coming from the frequency converter hous 
ing goes through the recess 22 into the motor housing 1' and 
is led essentially radially inwards at the end-side of the guid 
ance device 21 which is away from the motor, where it gets 
into the suction region of the fan wheel 15". From there it is 
delivered essentially radially outwards and escapes through 
the radial recess 23 into the frequency converter housing. 
Here, therefore, the through-flow in the motor housing is 
givenessentially at one end-side and the recesses 22 and 23 lie 
in the same radial plane. The flow arrangement within the 
frequency converterhousing is not represented in the drawing 
but is designed such that the circulation flow 14 flows around 
the heat-producing components. 
0049. While specific embodiments of the invention have 
been shown and described in detail to illustrate the applica 
tion of the principles of the invention, it will be understood 
that the invention may be embodied otherwise without 
departing from Such principles. 

In the claims: 
1. An electric motor comprising: 
a motor housing with an inside; and 
a further housing which comprises electric and/or elec 

tronic components including at least one component 
producing heat on operation of the motor is arranged in 
an interior of the further housing, wherein at last one 
fluid-leading channel circuit conductively connects the 
inside of the motor housing to the interior of the further 
housing. 

2. An electric motor according to claim 1, further compris 
ing a control apparatus wherein the further housing receives 
the control apparatus and the control apparatus includes a 
frequency converter. 

3. An electric motor according to claim 1, wherein the 
electric motor is a permanent magnet motor. 

4. An electric motor according to claim 1, wherein the fluid 
in the channel circuit is a gas. 

5. An electric motor according to claim 1, wherein the 
motor comprises a rotor producing a fluid flow in the channel 
circuit. 

Oct. 9, 2014 

6. An electric motor according to claim 1, further compris 
ing an impeller wherein the motor comprises a shaft on which 
the impeller is seated for producing a fluid flow in the channel 
circuit. 

7. An electric motor according to claim 6, further compris 
ing another impeller for producing an airflow along the outer 
side of the motor housing and/or of the further housing, the 
another impeller also being seated on the shaft. 

8. An electric motor according to claim 1, wherein the fluid 
in the channel circuit in the motor housing and in the further 
housing is directed in a direction parallel to the motor axis or 
at an angle up to 25' obliquely thereto. 

9. An electric motor according to claim 1, wherein the 
motor housing and the further housing are connected to one 
another at least mechanically. 

10. An electric motor according to claim 1, wherein the 
motor housing and the further housing comprise at least one 
common housing wall. 

11. An electric motor according to claim 1, wherein the 
motor comprises a rotor and a stator and grooves or channels, 
for leading fluid, are provided in the rotor and/or the stator of 
the motor. 

12. An electric motor according to claim 1, wherein the 
motorhousing comprises a conduit with a conduit entry of the 
conduit coming from the furtherhousing, as well as a conduit 
exit leading into the furtherhousing the conduit entry and the 
conduit exit being spaced aparta distance in an axis direction 
of the motor. 

13. An electric motor according to claim 6, further com 
prising a guidance device Surrounding the impeller for pro 
ducing a fluid flow in the channel circuit the guidance device 
being provided in the motor housing and comprising an 
essentially radially running conduit exit from the motor hous 
ing into the further housing and an essentially radially 
arranged conduit entry coming from the further housing into 
the motor housing. 

14. An electric motor according to claim 13, wherein the 
conduit entry and the conduit exit lie in the same radial plane. 

15. An electric motor according to claim 1, wherein a 
conduit connection is formed by a recess in the housing wall. 

16. An electric motor according to claim 1, wherein the 
fluid is a liquid. 

17. An electric motor according to claim 1, wherein the 
motor is a canned motor. 
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